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1、白令海表层水中 CFC-11 溶解度较低，但是饱和度在 100.67%～132.05%
之间，为过饱和状态；白令海表层海水中 CCl4、CFC-11、CFC-113 与 CFC-12





层水，采用 pCFC 法估算各水团的年龄，分别为 19±2、30±6 和 63±5 a。 
2、楚科奇海 169°W 断面 CFCs 分布特征及温盐数据表明，楚科奇海存在两
种不同性质的水体：夏季太平洋入流水与楚科奇海冬季陆架残留水；楚科奇海表
层水与 30 m 层水还没完全混合，Herald 浅滩南边为夏季太平洋入流水，而以北
仍然为冬季陆架残留水；CFCs 高值进一步证实阿纳德尔水（AW）、白令海陆架
水（BSW）与阿拉斯加沿岸流（ACC）在 Barrow 峡谷混合；利用 CFCs 进一步
证实北极中层水增暖现象；CFCs 表层浓度的显著增加表明楚科奇海陆坡流区离
岸较近的地方受到河流径流的影响。 
3、加拿大海盆表层水中 CFC-11 饱和度为 16.6%～114.26%，并随着纬度的
增加而增加；B79 与 B83 站位饱和度偏高，与加拿大海盆大量的径流输入有关；
加拿大表层水与河水、海冰融化水、太平洋来源水的混合，使得表层水中 CFCs
的分布极不规律；加拿大海盆在 300～500 m 之间出现 CFCs 极小值，进一步证





























































Chlorofluorocarbons (CFCs) are widely distributed in the ocean, which without 
biological activity, and would not deposit on the ocean, are stable in seawater. Since 
70s of the 20th century, CFCs was applied to study the movement of marine water 
mass and sea-air interaction, achieved excellent results. In this study, CFCs were used 
as chemical tracer to study the age of water masses and their movement in the Bering 
Sea, Chukchi Sea and Canada Basin. Main conclusions are obtained as follows: 
1. CFCs data indicated that CFC-11 in surface waters was low solubility and over 
saturated, the saturation level lies in the range of 100.67%~132.05%; CFCs minimum 
at the 57°N of Bering Sea, indicated that there was vortex gas existent at 57°N; The 
low levels of CFCs distribution and high temperature, high salinity, low dissolved 
oxygen in the surface water of Bering Sea were consistent; CFCs minimum indicated 
that there was a warm water from the north Pacific into the intermediate water of 
Bering Sea; The CFCs concentration were gradually reduced with depth, and were 
clearly structure, according to the distribution of CFCs, we conclude that the deep 
water of Bering Sea was came from the deep water of Pacific; we divided the Bering 
Sea water into three water masses, the upper Bering Sea water, the intermediate water 
of Bering Sea and deep water, and we used pCFC to estimate the age of water masses, 
which were 19 ± 2 a, 30 ± 6 a, 63 ± 5 a respectively. 
2. The 169°W section distribution of CFCs and thermohaline characteristics in the 
Chukchi Sea confirmed that there are two different types of water: the summer Pacific 
Ocean water and the winter Chukchi Sea residual water; The shallower than 30 m 
water had not commingle entirety, to the south of the Herald Shoal was summer 
Pacific Ocean water, but to the north was winter Chukchi Sea residual water; High 
amount of CFCs confirmed that the Anadyr Water (AW)、Bering Sea Shelf Water 
(BSW) and Alaska Coastal Current (ACC) were mixed in the Barrow Canyon; Used 
the distribution of CFCs to confirm the phenomenon of warming of middle water in 















offshore stations had great influence by river stream. 
3. The saturation level of CFC-11 in the surface water of Canada Basin lies in the 
range of 16.6%~114.26%, and increases with latitude; The high saturation level of 
CFC-11 at the stations of B79 and B83, which may be relate to the large amount 
runoff enter the Canada Basin; The mixture of surface water in Canada Basin、river 
water, and sea ice melt water, led distribution of CFCs irregular in the surface water; 
Minimum CFCs at depth 300~500 m in Canada Basin, confirmed that the existent  
of warm Atlantic water; At depth 500~1000 m in the Canada Basin, CFCs were 
gradually increased, indicating that the water in the deep Canada Basin was 
downward diffusion mostly; According to the distribution of CFCs, we divided the 
Canada Basin water into four water masses, the coastal water mass, the Arctic surface 
water mass, the Atlantic water mass and the Arctic deep water mass, and we used 
pCFC to estimate the age of water masses, which were 38±2 a, 18±3 a, 27±6 a and 
42±5 a respectively. 
 

































第 1 章 绪论 
1 
第 1 章 绪论 
北极海洋和海冰过程对全球变化的响应与反馈非常敏感，全球变暖在北极地
















白令海位于北太平洋的最北端，面积约 2.3×106 km2，平均水深 1598 m。白


























海盆（Makarov Basin）和加拿大海盆，如图 1.1 所示。 
 
 
图 1.1 白令海与北冰洋地理位置图 
（数据来源：http://baike.baidu.com/view/23238.htm?fr=ala0_1_1） 
Fig 1.1 Topography in the Bering Sea and Arctic Ocean 









































1.2 CFCs 概况 
1.2.1 CFCs 的来源 
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